Blood sera from 537 cows were examined by ELISA test for antisperm antibodies (ASA). The incidence of ASA in breeding females with impaired reproductive function or reduced reproductive performance was compared to ASA incidence in reproductively normal females. In 420 pluriparous cows, the incidence of positive findings were significantly higher than in 117 primiparous cows (25.5% and 12.0 %; p < 0.01). A higher incidence of ASA was observed in cows with two and more inseminations needed to pregnancy. In cows serologically examined and positive to Chlamydia was a significantly higher incidence of ASA than in Chlamydia-negative ones (33.3 % and 14.7 %; p < 0.01). Significantly lower penetration and velocity (p < 0.01) of bulls' spermatozoa through cervical mucus was recorded in heifers serologically positive to ASA after experimental immunisation compared to ASA negative heifers.
healthy cows which were pregnant after the first insemination; group IV (n = 93) -cows pregnant after the second to third insemination; group V (n = 120) -cows pregnant after the fourth to fifth insemination; group VI (n = 41) -cows pregnant after more than five inseminations. A part of cows blood sera (n = 340) were tested for antibodies against Chlamydia, Gram-negative bacteria that may cause infertility in man and animals (Storz et al. 1976) , by a micromethod of complement binding (Sever 1962) . The species specific antigen of Chlamydia psittaci (Bioveta, Czech Republic) was used. Antibodies detected in titres 1:20 and higher were assessed as a Chlamydia-positive finding.
Determination of ASA in blood serum was carried out by the ELISA test as described previously (Zral˘et al. 1998) . Shortly, antigens of bulls' sperms were prepared after repeated centrifugation and washing of sperms and ultrasound treatment. Antigens diluted in binding buffer were bound in wells of microtitre plates for ELISA tests (Gama, Czech Republic). The serially diluted sera were tested and ASA were detected after their reaction with antigen using species specific immunoglobulin labelled with peroxidase (SwAB x Px; Sevac, Czech Republic). After reaction with the substrate, the intensity of the coloured reaction was measured with photometer iEMS Reader MF (Labsystems, Finland) at wave length 492 nm and evaluated with the computer programme GENESIS. The reaction was considered as positive at absorbance by 2 SD higher than in the negative control sera. Positive reaction at serum dilution 1:40 and higher was considered as serologically positive for ASA.
Interaction of spermatozoa with cervical mucus of heifers
Cervical mucus from cyclic heifers was used in the experiment. Cervical mucus was collected by using a sterile pipette in oestrus (the routine clinical arborisation test to ensure that oestrus was assessed) from two nonimmunised, serologically negative heifers, and two positive to ASA after sperm immunisation (titre 1:640 and 1:1280). Washed bulls' spermatozoa in a complete Freud's adjuvant (Sigma) were used for immunisation at the initial application, and in the following three immunisations at the interval of 21 days in an incomplete adjuvant. The each immunisation dose of 2 ml was administered intradermal in aliquots of 0.2 ml (1 ml contained 2 x 10 9 spermatozoa). Interaction of fresh ejaculate spermatozoa from 4 normal healthy bulls (ASA negative with the followings semen characteristics: 70% of spermatozoa with progressive motility, 80% normospermy), with cervical mucus of heifers was assessed using the sperm penetration and migration test in vitro (VûÏník and ·vecová 1992). The distance of sperm shift (penetration in mm) was measured as well as sperm velocity (m/s) in a capillary filled with mucus after 30, 60 and 90 min. All the examinations were conducted in triplicates of subsequently three times collected ejaculates in monthly intervals. The index of sperm penetration intensity was calculated from the penetration distance and sperm concentration per 1 mm 3 .
Statistical analysis
Experimental data are presented as the mean S.E.M. Statistical significance of differences between the obtained results was evaluated by χ 2 -test, the Student's t-test and the test of differences of two relative values using the programme STAT Plus (Matou‰ková et al. 1993) .
Results
Of the 537 cows examined, positive findings of ASA (titre 1:40 and higher) were identified in 121 cows, i.e. 22.5%. There were a significantly higher number of positive pluriparous than primiparous animals (25.5% and 12.0%, p < 0.01). Antibody titres reached also higher values in the former, up to 1:320, while only in one of the primiparous animals the titre was 1:160 ( Fig.1) . The course of the puerperium had no effect on the number of animals with a positive response where the cows had been inseminated once. An increased incidence of ASA was recorded in cows that became pregnant after 2 to 3 or more inseminations (groups IV to VI). This was apparent in 172 pluriparous cows from the above groups where 69 (40.1%) were positive, which is significantly (p < 0.01) more compared to 38 (15.3%) positive pluriparous cows from 248 in the groups I to III. From 82 and 35 primiparous cows in the same groups (IV to VI and I to III) was found ASA positive 14.6%, respectively 5.7 % (p > 0.05).
In the group of 340 cows examined for antibodies to Chlamydia, a significantly higher incidence of ASA was observed in a group of 150 cows Chlamydia-positive (50 cows, i.e. 33.3%) compared to a group of 190 cows Chlamydia-negative of which only 28 cows were ASA positive (14.7%; p < 0.01) as shown in Fig. 2 .
A significantly lower penetration of spermatozoa in cervical mucus was observed in heifers serological to ASA positive after experimental sperm immunisation. After 30 and 60 min the distances penetrated were: 23.1 ± 2.4 and 24.5 ± 3.1 mm, respectively, compared to 33.0 ± 3.0 and 38.5 ± 1.7 mm (p < 0.05 and p < 0.01) in mucus of serologically negative, control heifers (Fig. 3) . In the same time intervals, sperm velocities in mucus of ASA positive heifers, were 12.3 ± 1.4 and 6.8 ± 0.9 µm/s, which was significantly lower (p < 0.01) compared to 20.0 ± 0.8 and 10.7 ± 0.5 µm/s in mucus of ASA negative heifers. There was a similar tendency towards lower values in the index of sperm penetration in cervical mucus.
Discussion
The presence of ASA in the reproductive organs and blood has been related to infertility in both humans and farm animals by many authors (Lukyanenko 1978; Wang and Xie 1990; Nouza et al. 1992; Fichorova and Boulanov 1996; Ulãová-Gallová and Marde‰iã 1996; Waziri and Fayemi 2000) . Isoimmunisation of females against sperm antigens occurs especially in relation to pathological lesions of the reproductive organs, and followings insemination. The mucous membranes of the reproductive tract produce 29 IV -pregnant after 2 nd to 3 rd insemination V -pregnant after 4 th to 5 th insemination VI -pregnant after more than 5 inseminations ). An increased incidence of ASA was observed in breeding cows that, after the last delivery, became pregnant following 2 or more inseminations (31.9%). Malinovskiy (1976) and Szczubial and Krzyzanowski (1996) obtained similar results using a different method, as well as while assessing spermagglutinine levels in blood sera of cows. In this study the course of puerperium had no effect on the number of ASA positive cows if they were inseminated only once post partum. No positive findings were detected in primiparous cows with either clinically normal or pathological puerperium (in groups I and II). The pluriparous cows of same groups had certain positive findings, but with no differences in incidence (12.2% and 16.5%). It can be explained by the fact that involution accompanied by tissue destruction and bacterial contamination induced an increase in the number of immunocompetent cells, that in pluriparous cows have already met sperm antigens and dispose of immunological memory for these antigens. Also the endocrine status can be in relation with ASA formation as stated by Wang and Xie (1990) in cows with decreased progesterone concentrations. On the other hand, repeated insemination in cows free of clinical signs of endometrial disease may support the production of ASA and make infertility more serious. In cows free of clinical signs but with higher level of ASA confirmed Lukyanenko (1978) by histological examination of endometrium impairment integrity of epithelial surface and increased lymphocyte infiltration. Malinovskiy (1976) stated that between 2 nd to 5 th insemination ASA titres increased twice to ten times and the frequency of ASA formation and persistence were twice to three times higher in cows with pathological course of puerperium.
Infections of the urogenital tract, especially with Chlamydia and Ureaplasma, also take part in ASA formation and reduced fertility. Elimination of infectious agent by antibiotics renewed fertility in men in case that they had not increased levels of antisperm antibodies (Witkin and Toth 1983) . In our experimental group of cows significantly higher incidence of ASA was in animals serologically positive to Chlamydia (33.3%) than in the negative ones (14.7%). Chlamydiae are intracellular bacterial pathogens that propagate in epithelial cells and impair their function and integrity of surface structure of organs, i.e. endometrium. Regarding the fact that chlamydial infections affect only part of the population, we assume that individually decreased resistance or increased susceptibility play role in ASA formation (Witkin et al. 2000) .
Although the relation between ASA and infertility is ambiguous, some proves of this relation exist (Szczubial and Krzyzanowski 1996) . Sperm-mucus penetration tests are used for fertility assessment in humans and animals (Matou‰ek et al. 1988) . These tests can provide information that cannot be obtained at routine spermatological examination and should be preferably used at the study of immunological factors in reproduction (EggertKruse et al. 1993) . In course of migration of sperms into uterus, an important role plays not only sperm quality but also the characteristics of cervical mucus. Therefore Dev et al. (1996) stress the necessity of cervical mucus quality standardisation for the assessment of bulls' fertility in vitro using a penetration test. Matou‰ek et al. (1988) obtained low penetration of spermatozoa in mucus without crystallisation (arborisation), it means out of oestrus or in an unsuitable stage of oestrus. Therefore we used cervical mucus, evaluated by the arborisation test, and high quality ejaculates form bulls with excellent fertility to exclude undesired effects. The confirmed significantly lower penetration and velocity of spermatozoa in the mucus of ASA positive heifers suggests a possible transsudation or secretion of these antibodies into cervix. Impairment of sperm movement following antibody binding can be explained by fixation of spermatozoa to glycoprotein fibres of cervical mucus resulting in slower or shaking movement. The obtained results indicate that cervical mucus of ASA positive heifers impairs sperm functions. If ASA titres increase with increasing number of inseminations, and ASA impairs fertility, then this represents "a closed circle".
Our results are in accordance with our previous experience, emphasising the requirement to breed dames only after healing of puerperal diseases and endometrial lesions. Adherence to principles of good practice of insemination can reduce the production of ASA and enhance fertility of cows.
Protilátky proti spermiím v krevním séru krav ve vztahu k jejich reprodukci a zdraví
Byla vy‰etfiena krevní séra 537 krav ELISA metodou na pfiítomnost protilátek proti spermiím (ASA). V˘skyt protilátek u plemenic s poruchami puerperia nebo s niÏ‰í reprodukãní v˘konností byl porovnán se skupinou plemenic bez reprodukãních problémÛ. U 420 pluriparních krav byla incidence pozitivních nálezÛ protilátek v˘znamnû vy‰‰í neÏ u 117 primiparních krav (25,5 % a 12,0 %; p < 0,01). PrÛbûh puerperia nemûl vliv na v˘skyt ASA pokud byly krávy inseminovány pouze jedenkrát. Av‰ak krávy s dvûmi a více inseminacemi mûly vy‰‰í incidenci protilátek proti spermiím neÏ pouze jedenkrát inseminované, coÏ u pluripar bylo v˘znamnû rozdílné (40,1 % a 15,3 %; p < 0,01). RovnûÏ vy‰‰í nález ASA byl zaznamenán u 150 krav sérologicky pozitivních na chlamydie ve srovnání se 190 negativními (33,3 % a 14,7 %; p < 0,01). Byla zji‰tûna signifikantnû men‰í penetrace a rychlost pohybu (p < 0,01) spermií b˘kÛ za 30 a 60 minut v cervikálním hlenu jalovic sérologicky pozitivních na ASA (po experimentální imunizaci) neÏ v hlenu ASA negativních jalovic.
